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In this ultrastructural study, albino hairless mice were irra-
diated with long-wavelength ultraviolet (UV A) (340-
400 nm) thrice weekly for 32 weeks for a cumulative dose of 
8000 J/cm2• Biopsies were taken from these mice, from age-
matched unirradiated controls, and from mice irradiated with 
UVB for 20 - 30 weeks with a cumulative dose of - 6-9 
J/cm2• The most striking UVA-induced changes were 1) 
elastic fiber hyperplasia without evidence of fiber disintegra-
tion; 2) a large increase in randomly deposited microfibrils; 3) 
massive duplication of vascular basement membrane; 4) ex-
tensive endothelial cell damage; and 5) collagen fibers with 
O nce believed harmless to skin, ultraviolet (UV) A radiation is now recognized as capable of producing profound damage to most epidermal and dermal components. Chronic exposure to full spectrum (320-400 nm) and long wavelength (> 340 nm) 
UVA have both been shown, histochemically, to contribute sub-
stantially to the photoaging of hairless mouse skin [1-4]. Like 
chronic UVB radiation, UV A in large cumulative doses produces 
elastic fiber hyperplasia and increases the deposition of glycosamino-
glycans. Although the same connective tissue components appear to 
be affected by both broad wavebands, qualitatively dissimilar histo-
logic changes occur. For example, with UVA, the elastosis is less 
marked and often extends more deeply into the dermis than with 
UVB, as might be expected from the deeper penetration of UV A 
wavelengths [1]. Similarly, glycosaminoglycans are deposited 
deeper into the dermis and the pattern of deposition is strikingly 
different [1]. In contrast to the extensive damage induced by UVB, 
collagen appears to be unaffected, histologically, by UVA [1]. Bio-
chemical studies, however, have revealed further qualitative dissi-
milarities induced by these different portions of the solar spectrum. 
After chronic UVB irradiation, collagen is highly susceptible to 
digestion by pepsin. Over 85% is solubilized [5]. Unirradiated 
mouse skin collagen behaves in a similar manner. After chronic 
UV A radiation, collagen becomes highly resistant to pepsin diges-
tion with 60-80% remaining insoluble depending on the UVA 
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smaller diameters but without apparent damage. By contrast, 
after UVB, the hyperplastic elastic fibers frequently appeared 
to be degraded. Microfibrils were only moderately increased 
and remained in an organized array. Also, unlike with UVA, 
the epidermal basement membrane was duplicated whereas 
that of the vessels was mainly spared. Collagen fibers showed 
evidence of dissolution. Thus, ultrastructural features pro-
vide further evidence that skin damage induced by UV A can 
be dissimilar to that induced by UVB. ] Invest Dermatol 
100:194-199,1993 
dose [5,6]. (Trautinger F, Trenz A, Raff M, Kokoschka EM, Arch 
Dermatol Res 281:144, 1989 [abstract]). 
Because the histologic details of photoaging in the hairless mouse 
have been described extensively in several publications [1-4,7,8] , 
we were interested in examining photodamage with more sensitive 
techniques. We have previously described the progressive hy-
perplasia and ultrastructural disintegration of elastic fibers in 
hairless mice exposed to UVB for 10, 20, and 30 weeks [9]. In 
the current work, we have examined the effects of chronic UVA ex-
posure and compared the changes to those found in UVB-irradi-
ated skin. Among the several findings, those that confirm earlier 
histologic findings were the less dense elastic fiber hyperplasia with 
UV A and, unlike with UVB, an absence of collagen fiber damage. 
Thus, this study supplies further evidence that although some of the 
effects of UV A and UVB may overlap, striking differences 
exist. 
MATERIALS AND METHODS 
Radiation Sources and Schedules Albino, Skh: hairless-l mice 
(6 to 8 weeks old) were housed individually with free access to food 
and water. Room lighting was with General Electric F40 GO gold 
fluorescent bulbs, which emit no UV radiation (12-h on/off cycle). 
The mice were irradiated dorsally in two groups of 12 with either 
UV A- or UVB-emitting lamps. Six mice served as unirradiated 
controls. 
The UV A source was a UV ASUN 3000 lamp (Mutzhas Produc-
tions, Munich), which emits radiation> 340 nm with an irradiance 
of -25 mW /cm2 as measured at the dorsal surface of the mice, 
65 em below the lamp. The emission spectrum has been published 
previously [2]. The rate of exposure was increased from 25 J/cm2 , 
with 25 J/cm2 increments, to 100 J/cm2 over the first three weeks 
to avoid erythema. Exposures were given thrice weekly for 32 
weeks and a total cumulative dose of 8000 J/cm2• 
The UVB source was a bank of nine Westinghouse FS-20 fluores-
cent tubes (280 - 400 nm: peak at 313 nm) placed 38 em above the 
mice. Exposures, raised gradually from one minimal erythema dose 
(MED) to three MEDs by week 4, were 0.10 J/cm2 UVB given 
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Figure 1. Unirradiated upper dennis. Elastic fibers (-+) are sparsely dis -
tributed and elastin matrix coats most of the microfibrillar skeleton. Mag-
nification X9000. Bar, 111m. 
thrice weekly for 20-30 weeks and a cumulative dose of 6-9 J/ 
cm2 • Irradiance in the UVB waveband was -0.12 mW/cm2 at 
mouse level. Energetically, the amount of UVA emitted by this 
lamp is insufficient to produce connective tissue damage [1]. 
Both sources were monitored each week with an IL 700A Re-
search Radiometer (International Light, Inc., Newburyport, MA). 
Peak sensitivity for the UVB and UV A sensors were at - 290 and 
360 nm, respectively. 
Ultrastructure Biopsy specimens, taken from the central dor-
sum, were processed in the conventional way. Specimens were fixed 
in Karnovsky's solution followed by 1 % osmium tetroxide and were 
embedded in Epon 812. Ultrathin sections (70 nm) were stained 
with a tannic acid-uranyl acetate solution [10] fo llowed by lead 
citrate, each for 10 min. These were examined with a Hitachi model 
H700 electron microscope. 
Collagen fiber diameters were measured on 3 - 5 electron micro-
graphs per group at 42,500 X magnification. Two to three squares 
measuring 5 X 5 cm were drawn on each micrograph in areas 
where fibers were clearly in cross-section. All fibers within the 
squares were measured. 
RESULTS 
Elastic Fibers Some of the striking UV A-induced changes that 
differed from those induced by UVB involved elastic fibers. Nor-
mally very sparse in unirradiated hairless mouse skin (Fig 1), elastic 
fibers in the upper dermis became hyperplastic as a result of chronic 
exposure to both UVA and UVB (Fig 2A,B). There was the distinct 
impression of more hyperplasia occurring in the UVB-irradiated 
skin (Fig 2B) than with UV A (Fig 2A). The often focal nature of the 
elastosis, the variability between individual animals, and inherent 
sampling error associated with the tiny skin samples required for 
electron microscopy made meaningful comparison quantification 
impossible. For the same reasons, the presence of hyperplastic elastic 
fibers at greater dermal depths with UV A, as suggested by histology 
[1], could not be verified. UVA did not appear to cause degeneration 
of the elastic fibers. Instead, many elastic fibers appeared longer than 
those seen in normal skin. The elastin matrix of mature fibers was 
uniformly electron dense, often to a greater degree than in unirra-
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Figure 2. Irradiated upper demus. A) UVA: elastic fibers (-+) are more 
abundant and appear longer and more heavily coated with electron-
dense elastin than in unirradia ted controls. Magnification X9,000. Bar, 
1 11m. II/sel: a small, incompletely coated elastic fiber revealing large 
amounts of microfibrils ('). Magnification X 37,500. Bar, 0.25 !lm. B) 
UVB: severe elastic fiber hyperplasia with clumping of fibers and partial 
disintegration (-+). Magnification X9,000. Bar, 1 11m. IlISel: higher magni-
fication (X37,500) showing degraded matrix ('). Bar, 0.25 !lm. 
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Figure 3. Microfibrils. A) UVA: disorganized masses of rnicrofibrils (*). 
Individual rnicrofibrils retain sharp outlines whether in longitudinal or 
cross section (-+). Most of the very electron dense structures are collagen 
fibers . Magnification X35,625. Bar, 0.25 j.lm. B) UVB: rnicrofibrils with a 
granular appearance (*) are aggregated in fiber shape and are partially 
coated with electron-dense elastin. Magnification X 35,625. Bar, 0.25 j.lm. 
diated skin (Fig 2A). Elastic fibers less fully coated with matrix and 
revealing crisp micro fibrils were also seen (inset, Fig 2A) in proxim-
ity to fibroblasts with a long, thin cytopl~smic exte~sion containing 
sparse rough endoplasmic reticulum. With UVB, 1Il contrast, there 
often were e1astotic clumps of fibers in which the matrix was par-
tially degraded, revealing a gra)1ular or amorphous material (inset, 
Fig 2B). 
A frequent occurrence in UV A-irradiated skin was the presence, 
in the electron lucent spaces between collagen bundles, of masses 
of randomly arrayed microl1brils coated with little or no elastin 
(Fig 3A). Despite the random array, microfibril outlines remained 
sharp, showing the well-defined, hollow structure in cross-section. 
With UVB radiation, microfibrils were also increased, but to a lesser 
degree. These were usually organized in parallel, assuming-the 
shape of an elastic fiber and were often partially coated with 
elastin. The outlines of the microfibrils were frequently indistinct 
(Fig 3B). 
Basement Membranes With UVA, the basement membrane at 
the dermal-epidermal junction remained thin and well attached 
to hemidesmosomes (Fig 4A). After UVB radiation, many re-
gions were found with copious duplications of the basement mem-
brane (Fig 4B). Hemidesmosomes were not discernible in these 
areas. 
The opposite effect was seen in the basement membrane 
surrounding the microvasculature. UV A caused extensive mem-
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Figure 4. Dermal-epidermal junction. A) UV A: the basement membrane 
is not duplicated (-+). Magnification X 20,000. Bar, 0.5 j.lm. B) UVB: 
copious duplication of the basement membrane is present. (E, epidermis; 
0, dermis.) Magnification X 15,000. Bar, 0.5 j.lm. 
brane duplication (Fig SA), whereas after chronic UVB exposure 
there was little or none even in superficial vessels (Fig 5B). 
Vascular Endothelium In addition to causing basement mem-
brane duplication around vessels, UV A produced extensive endothe-
lial cell damage. This was characterized by the presence of intracel-
lular vesicles, imparting a "foamy" appearance to the cytoplasm 
(Fig 6A), striking thinning of endothelial cells (Fig 6B), and cellular 
gaps wherein the contents of the lumen were in contact with the 
surrounding basement membrane (Fig 6C). Despite the presence of 
gaps, extravasated red blood cells were extremely rare. Many mito-
chondria in endothelial cells, as well as in other cells of the dermis, 
were swollen with disrupted cristae (Fig SA). 
In UVB-irradiated skin, endothelial cell damage was rare and 
usually confined to a slight increase in intracellular vesicles. Mito-
chondrial damage was seen in various cells of the dermis, but was 
rare in endothelial cells. Other vascular ultrastructural findings fell 
within the normal range (Fig 5B). 
Perivascular inflammatory infiltrates were absent in both irradia-
tion groups and pericytes appeared normal. 
Collagen No evidence was seen for collagen degradation with 
UV A radiation. In cross-section, fiber outline was well defined. In 
contrast to unirradiated skin (Fig 7 A), measurement of collagen 
fibers in UV A-irradiated skin indicated a trend toward smaller diam-
eters (Fig 7B). The vast majority of fibers (- 80%) fell in the range 
of 70 - 120 nm, compared to 90 - 140 nm in unirradiated controls. 
Fibers in UVB-irradiated skin (Fig 7C) showed an even greater 
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Figure 5. Vasculature. A) UVA: the basement membrane is duplicated 
up to 14 layers (0) . Endothelial cell damage is typified by swollen mito-
chondria with ruptured cristae (-». Magnification X6750. Bar, lll-m. B) 
UVB: basement membrane is not duplicated. Endothelial cells show little 
or no damage. "Zebra bodies" are present at the periphery of the base-
ment membrane region (-». Magnification X 6750. Bar, lll-m. 
trend to smaller diameters (45 - 120 nm) along with irregular out-
lines of some fibers. 
DISCUSSION 
The ultrastructural features described in this study add to the histo-
logic [1,3,8] and biochemical [5,6,11] (Trautinger F, Trenz A, Raff 
M, Kokoschka EM: Arch Dermatol Res 281:144, 1989 [abstract]) 
evidence that skin damage induced by UVA and UVB are dissimilar. 
Virtually no other studies exist in which the effects of these two 
broad wavebands are compared using electron microscopy. Never-
theless, interesting findings that are relevant to our work are avail-
able from a number of sources. 
In 1980, Berger, Tsambaos, and Mahrle [12], with an aim of 
producing elastosis, exposed naked (Ng/-) mice to fluorescent 
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Figure 6. UVA-induced endothelial cell damage. A) Extensive cytoplas-
mic vesiculation (-» (magnification X 15,000). Bar, 11l-m. B) Thinning of a 
portion of the endothelium (-» (magnification X 10,000). Bar, lll-m. C) A 
series of endothelial gaps (-» (magnification X 20,000). Bar, 11l-m. 
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lamps (peak emission in the UV A range, 355 nm) for 8.5 months. 
These authors state, however, that the UVB component in their 
lamp was biologically significant, leaving open the question of 
which waveband was responsible for their findings. They described 
elastic fiber hyperplasia but with fiber damage resembling our find-
ings with UVB in this study and in an earlier one from our labora-
tory [9]. Notably, elastotic material was present with reduced 
amounts of electron-dense material suggesting elastin matrix degra-
dation. These authors also reported increased amounts of deranged 
and granular microfibrillar material that remained in a configura-
tion reminiscent of an elastic fiber rather than the disorganized 
masses induced by UV A. The accumulation of excess microfibrils 
suggests a perturbation of control mechanisms regulating elastic 
fiber formation. Most striking with UV A, the masses of microfibrils 
remain uncoated with elastin whereas mature elastic fibers appear 
more heavily coated than normal. Despite extensive cellular and/or 
connective tissue damage induced by UVA and UVB, ultrastructur-
ally normal, partially coated elastic fibers seem to be produced. 
These are judged to be new, immature, elastic fibers because of their 
well defined structure and the close proximity to fibroblasts with a 
long cytoplasmic extension and sparse rough endoplasmic reticu-
lum [9]. Such fibroblasts have been described by Kewley et al [13] as 
being in the elastin synthesizing mode. 
As in our work, Berger et al [12] also observed a trend toward 
smaller collagen fiber diameters, a likely indication of new collagen 
synthesis. Evidence for disintegration of the collagen fibers, a UVB 
phenomenon in our work, was noted by Berger et al [12]. Similar 
collagen damage, as well as increases in microfibrils, were reported 
by Berrebi, Fiat, Fourtanier et al a Invest Dermatol 89:319, 1987 
[abstract]) in hairless mice after chronic exposure to solar simulating 
radiation with its large UVB component. 
We found the disparity between UV A- and UVB-induced vascu-
lar basement membrane duplication surprising. In view of the effect 
of UVB on the epidermal basement membrane, one would have 
predicted a similar duplication, at least around superficial vessels. 
Although less deeply penetrating than UV A, considerable amounts 
of UVB reach and affect even the subcutaneous elastic sheath in 
these thin-skinned mice [7]. Berger et al [12] reported vascular base-
ment membrane duplication of five to seven concentric layers that 
resembled the rare, mild UVB-induced duplication found in our 
study. Massive duplication similar to our findings has been reported 
by Honigsmann et al [14] in protoporphyric mice after chronic expo-
sure to long-wavelength UV A. 
Increased vesiculation or "rnicropinocytotic activity" in endothe-
lial cells was also reported by Berger et aJ [12]. We found that UVB 
sometimes induced this change but that it occurred with greater 
frequency and to a more striking degree with UV A. 
For obvious reasons, there are very few ultrastructural studies 
describing chronically UV A-irradiated human skin. In two such 
studies, there appears to be damage similar to that found in hairless 
mice after chronic UVA radiation. Kumakiri et al [15] reported a 
mild vascular basement membrane duplication in subjects given 
multiple exposures of solar simulating radiation with its large, 
highly energetic UVB component. In subjects similarly exposed to 
full-spectrum UV A, the basement membrane was greatly dupli-
cated. Gaps between endothelial cells in chronically UV A-irra-
diated humans were not seen by these workers. However, their 
cumulative doses were approximately four times lower than ours. 
They did note gaps after a single high-dose exposure to UVA. The 
Figure 7. Collagen fibers . A) Unirradiated. A broad range of diameters is 
present with the vast majority measuring 4- 6 rnm at X 42,500 magnifica-
tion. Fiber outlines are crisp. Bar, 0.25 jim. B) UVAirradiated. Fiberdiame-
ters remain crisp but the overall size range is smaller. Most measure 
3 -5 rnm at X 42,500 magnification. Bar, 0.25 jim. C) UVB irradiated. 
Some fibers have indistinct outlines suggesting degradation (--». The 
trend toward smaller fiber diameters is more pronounced with most fibers 
in the 2-5-rnm range at X 42,500 magnification. Bar, 0.25 jim. 
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mitochondrial damage observed in our study after UVA radiation, 
and to a lesser degree by UVB, has been described by Beitner and 
Wennersten in UVA-irradiated human skin [16]. Melanocytes dis-
played mitochondrial swelling with the partial to total dissolution 
of the membranous cristae. This was accompanied by cellular pino-
cytotic vesiculation and vacuolization. 
The reasons for the dissimilarity ofUV A- and UVB-induced skin 
damage can be multifarious. In some cases, it may reflect the differ-
ent depths of penetration of these two broad wavebands and the 
amount of radiation reaching deeper tissue. The UV A-induced ex-
cessive vascular basement membrane may be the result of chromo-
phores more sensitive to the longer wavelengths. The possibility 
must be considered that the cumulative UVA dose, vastly higher 
than that of the UVB in these experiments, rendered it biologically 
more destructive despite the lower energy of these long wave-
lengths. The elastic fiber disintegration seen with UVB, but not 
with UVA, may result from proteases [17] released by the UYE-in-
duced inflammatory infiltrate, an event that does not occur with 
chronic UVA exposure in these mice [1]. Finally, these ultrastruc-
tural changes, whatever the reasons for them, augment the growing 
body of evidence that UV A is not innocuous. 
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